Infrared absorption spectra are reported for a group of stru cturally and co nfi gurationally re lated carbohydrate derivatives. The conformation of the p y ranose ring a nd other structu ral fea t ures of the co mpounds are discussed in relation to t he spect ra. Most of t he absorption t ha t is characte ri stic of the cycli c carbohydrate stru cture occurs in t he region of 8.4 to 15 1-1. Al t hough the spectra a re complex and difficult to inte rpret, t hey show features from which a number of provisional conclusions have bee n drawn .
Scope and Purpose of the Project
This proj ect was undertaken with th e obj ect of providing infrared spec trograms of an extensive group of carbohydrates and carbohydrate derivatives, for the purpose of discovering correlations that might be of value in structural analysis. It was particularly desired to obtain informat ion concern in g the conformation of the pyranose ring. For this reason, the study has included some rare configuration that might exist in unusual conformations .
Spectrograms of crystalline materials susp ended in min eral oil, or in a pellet of an alkali metal halide, differ from spectrograms of the same material dis olved in a solvent, or cast in an amorphous film . The differences arise from the presence or absence of intercrystalline forces, hydrogen bridging, intermolecular combinations, intramolecular steric effects, and other factors. By a study of the infrared absorp tion of m aterials both in the crystalline state a nd in. solu tion, changes in ring conformation, hydrogen bridging, and other properties can be detected [1] .2 Infrared absorp tion spectr a are r eported in thi s paper for compounds dissolved in s uitable solven ts, whereas absorp tion sp cctra for the same compounds and man y others in p ellets of an alkali m etal halide win be reported separately.3 I T his paper is hased on work supported by the Chemistry Branch of the Office of "aval Research done lInder contract No. N R055208.
, Figures i n brackets indicate the literature references at (he end of this paper. The references for table 2 are gi "eu at the end of the table.
a While the work was ill progress, se,'eral papers appeared that presented infrared absorption spectra of some of the carbohydrate deri vati veS reported here [2 (0 6]. However, Ilone of t be compounds was studied under the conditions of the presen t project.
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Comparison of these ultimately will be used to detect poss ible changes in conformation with change in state.
The use of infrared absorp t ion spectra for structural st udie depends on absorption bands that can be correlated either directly or indirectly with definite struct ures. The presence 01' absence of the characteristi c absorption , in an unknown subtance, is then taken as evidence for the presence or absence of the structure in question. The position and intensity of the absorp tion bands produ ced by each atomic linkage vary somewhat with structure. H en ce the spectra of many compounds of known struct ure must b e mapped before th e m ethod can be used to study unknown structures. The r eli ability of the structural assignme nts increase with the accumulation of spec tra for substances of known structure that confirm the assignment [7, 8] .
Ring Conform a tion
Interpretation of th e infrared spectra of the carbohy drates requires consideration not only of structure and configuration but also of rin g conformation, or shape. The prese nce of large groups in axial positions, bridged groups, fused rings, eclipsed atoms, and other types of steric hindrance make some conformations less stable than others. Ordinarily, large groups tend to take equatorial positions and thus gr eatly influence rin g conformation [9] . I n most cases, th e pyranose ring assumes 1 of 2 chair conformation in which carbons 1, 2, 4, and 5 lie i n one plane, and carbon 3 and the ring oxygen lie outside of the plane in the trans position [10] .
The two conformations differ in that carbon 3 and the ring oxygen are trans to each other in th e opposite sense. This differ ence causes th e axial groups of one conformation to be th e equatorial groups of the other, and vice versa. In order to facilitate comp arison of the spectr a of carbohydrate derivatives, a system of classification has been devised in which these conformations are designated 0'1 and 0'2 (11] . The normal, or 0'1 , conformation has th e reference group 4 at carbon 5 in the equ atorial position, and the 0'2 conformation has this group in the axial position. 5 Th e positions of the reference groups in the two conformations are listed in table l. In con trast to th e classification of R eeves (1 0] , this svstem h as th e advan tage of classifying in the same group , in both D and L series, th at conformation having the same equa torial and axial arrangement of groups. The relationship to the R eeves classification is: a Axial and eq uatorial positions for reference groups of t he ring are shown consecutively, with increas ing carbon num ber from left to right. H y drogen atoms occupy t he remainin g positions. Table 1 shows that the positions of the reference groups and hydrogen atoms with respect to the ring depend on both configuration and ring conformation. For example, a -gulose 0'1 (aeaae) differs at all carbons from a -g ulose 0'2 (eaeea), wher eas a-gulose • A reference grou p is defined as any group, other t han hydrogen, that is at· tached t o t he ring structure. Inasm uch as t he pentoses and ketohexoses do not have a reference grou p at carbon 5, t his rule is not applicable. However, on thc basis of sim ilarities in properties, t he pent oses and ketohexoses are classified with t he aldohexoses, in both t he C1 and C2 conformations, as follows: xylose and sorbose with glucose, lyxosc and tagatose with manuose, arabin ose and fructose with galactose, and ribose and psicose with talose. 5 'rhe symbols Cl and l C have been used extensively to represent the two cha ir conform ations of tbe p yranose ring. Reeves defines the symbols on the basis of formulas given in his publication [1OJ. The arrangement of t be rin g. forming atoms in the two conformations are related as object and mirror image, and consequentl y the conformation deSignated C1 in t he D·pyranose series is l C in tbe L·pyranose series. To facilitate com parison of structurally related substan ces in the D-and I.-series, Isbell used the Chterm in a slightly -differen t sen se. Inasmuch as use of t he same symbol with different meaning may lead to confusion, hereafter t he conformations defined by Isbell [ll] will be designated C'1 and C'2.
0'1 and fJ-mannose 0'2 (aeaaa) have like axial and equatorial arrangements at all carbons excep t carbon 5. Furthermore, in th e 0' 1 conform ation , the glycosidic group of an alpha hexose or higher sugar is axial, bu t in the C'2 conformation it is equator ial. Ther efore, with regard to the axial and equato rial position s of the glycosidic group only, this rela tionship makes the alpha C' l comparable to the beta C'2 derivatives,6 and the b eta 0'1 comparable to the alpha 0'2 derivatives. It follows that the axial and equa torial positions of the glycosidic carbon are not definitive of alpha and b eta configuration except in a given conforma tion. These examples show that in rat ionalizing the reactions and properties of carbohydrate del"iva tives, configuration and conformation must be consider ed to be mutually dependent. B ecause all of the axial groups of one chair conformation are the equatorial groups of the other, then for a substance having a known config ura tion and a chair conformation, the axial or equatorial position of any specific atom or group attached to the ring will defin e the confol"IP.ation of a pyranose structure .
Classification of th e pyranose d erivatives only in th e 0'1 and 0'2 group s involves oversimplification. Some of th e compounds 1I' .ay exist in mixtures even including boat forms. To interpret the infrared spectra , definite conformations must be assumed . As a working hypothesis, the C'l conformation is considered as a first choice, th e C'2 conformation as a second. Finally, the possibility of various boat conforma tions must b e consider ed. vVi th provisional assignments, attempts can be ma de to rationalize the exp erimental results with the postulated conformations. The method is one of trial and error, but should ultima tely lead to the recognition of absorption bands characteristic of the structure of the compounds.
To facilitate comparison, code numbers have been assigned to com.pounds listed in table 2 by means of th e sch em e previously publish ed (11] ; the codes are suitable for classifying and separating the data by punched-card techniques. Generic classification is obtained by means of only one or two of the digits in the cod e number, and a more specific classification by use of a sequence of digits following a decimal poin t. For example, all aldohexose derivatives are characterized by 2 to the righ t of the decimal point , and all substances having the a-glucopyranosyl stru cture and the 0'1 conformation by the sequence .2ll. For reference purposes, the code numbers are based on a postulated 0'1 ring conformation. The usefulness of the system for study of infrared sp ectra . arises from the ease with which carbohydrate der·iv-atives can be sorted and correIa ted according to structure, configuration, and ring conformation. A complete analysis of the sp ectrograms would b e beyond the scope of the present r eport, but certain aspects of the work · will be considered brieIly in sections 4 and 5. _ .
• In a few cases the temperature reported in t he l iterature differed from t hat employed at tbe Bureau. The original literature sbould be consulted . b Structure uncertain .
. Experimental Procedures
.1. Preparation and Purification of the Compounds
The compounds listed in table 2 were prepared by the m ethods given in the references cited . Each substance was recrystallized from a s uitable solvent until further crystallization caused no change in either melting point or optical rotation . In most cases the melting poin t and optical rotation agree with values found in the literature. Some discrepancies can be seen, but because the purifications were conducted with great care, it is beli eved t hat the values reported here are correct.
Solubility of Compounds in Carbon Tetrachloride
The approximate solubilities of the materials in carbon tetrachloride were determined in order to fa cilitate preparation of solutions, and not as a criterion of purity. The values were obtained in the following manner: A sufficien t quantity of the compound was added to 10 ml of carbon tetrachloride to provide a saturated solution at 20° C. After 24 hours, during which the mixture was occasionally shaken, 5 ml of the solution was drawn through a cotton filter into a pipet and transferred to a tared dish; the solven t was evaporated and the weight of the residue determined.
Solvents Used for Spectrograms
The choice of solvents used in these m easurements was determined by their suitability for use in cells with .fock salt windows, by their transparency in the range of wavelengths studied, and by their effectiveness in dissolving the samples .
The following solvents were used in this work: Car ban tetrachlaride-This solvent was purified by efficient fractional distillation ; purity was checked by refractive index. Carbon disulfide-A commercial analytical reagent was used; purity was checked by determination of boiling point and residue.
Chloroform-This solvent was purified in small quantities at fr equent intervals (every 2 to 3 days). U. S. P . chloroform was wash ed several times with concentrated sulfuric acid, with water, wit,h a solution of sodium bicarbonate, and finall.\T with water. It was then dried with anhydrous calcium sulfate, filtered, and stored in the dark over silica gel.
Dioxane-Peroxides present in commer cial dioxane were removed bv treatment of the solvent with solid potassium iodide. The dioxane was decanted from the iodide, and the free iodine and most of the water were r emoved by sh aking the material with an excess of solid potassium hydroxide. The dioxane was decan ted , and treated with sodium to remove traces of water and iodine. After 24 hours th e product was distilled, and then stored in the dark.
Me asurement of Spe ctrograms
The spectrograms 7 of the substances listed in table 2 were made with a model 12B P erkin-Elmer spectrom eter with the auxiliary equipmen t and working conditions describ ed by Creitz and Smith [12] . The observed transmission in per cen tage, corrected for solven t, was plo tted with respect to wavelength and wave number. The resulting spectrogr ams are presented in the figures at the end of t~lis paper, in which the .solid lin~s represent absorptIO n ill carbon tetr achlonde solutIOns and the broken lines, absorption in chloroform, dio~ane, or carbon disulfide solutions, as shown by the key. ' When solubility of the compounds permitted, m easurements were made in carbon tetrachloride' in the region in which carbon tetrachloride is 'opaque either carbon disulfide or dioxane was used . Fo;' some compounds of low solubility, it was necessary to use chloroform solutions. In a few cases, m easurements are given at more than one concentration and in cells of different length. where T s is the transmittancy of the sample, Tsolu . and Tsolv. are the transmittances of the cell containing sol~tion 3:nd so Iv en t, respectively, b is the cell length m centImeter s, c is the concentration in moles per liter, and aM is the molal' absorbancy index [13] . The integrated molar absorbancy index equals JaM(v)dv, wh er e v is a measure of the frequency expressed in wave numbers (reciprocal centimeter s) and the limits of integration are selected to cover the area en~losed by the bands. When -logro Ts is plotted agall1st wave number, tbe area beneath a given absorp tion band is proportional to the interated molar absorbancy index. In a few cases, mtegrat.ed molar absor~an~y indices were compared by cuttmg out and welghmg the area of paper enclosed . The results were r educed to a comparable basis by dividing the weight of the clipping by the produ ct of the molar concen tra tion of the substance and the cell length . In the study of absorbancy due to t he acet:vl carbonyl group, th e molar absorbancy index was divided bv the number of these groups (n) per molecule. The resulting value (aAf/n) is termed th e "group absorbancy index" (see table 5 [4] have made the suggestion that cer tain absorption bands for pyranose deri va ti ves ma.y be characteristic of the axial or equatorial position of the hydrogen of carbon 1 (sec also [5] ).
. The results of the present study show clearly that mfrared absorption provides the basis for a promising m ethod of studying the ring conformation of carbohydrates. A few of the bands that seem characteristic of certain structures or conformations will be discussed here; others will be considered in future publica tions. T able 3 lis~s certain bands for the fully acetylated monosacchandes that seem. to vary with the axial or equatorial positions of the glycosidic acetate groups. Interpreta tion of the absorption spectra in terms of s~ru cture requires knowledge of the ring conformatIOn of at least some of the members of the group . Rates of oxidation with bromine [15] , indicate that the free pyranose sugars having the glueo-, manno-, and galaeto-configurations ordinarily exist in the C'I conformation . If the C'I conformation is postulated for all of the fully acet~Tlated monosaccharides having these three configurations, it is found that the modifications having an axial glycosidic acetate group give a moderately strong absorption band near 8.63 J.L and at most a weak band near 8.87 J.L; whereas, the modifications having an equatorial glycosidic acetate group absorb wealdy ncar 8.63 Jl but give a moderately strong band near 8.87 J.L. Thus, strong absorption near 8.63 J.L appears to be characteristic of a structure having an axial glycosidic acetyl group; similarly, strong absorption near 8.87 J.L appears to be characteristic of a structme having an equatorial glycosidic group. The differences between the molar absorbancy indices in the two regions for all of the acctates having the glueo-, manno-, and galactoconfigurations (table 3) 16 ) and penta-O-acetyl-a-D-talose. 8 However, the spectra for these compoID1ds show that the situation is not entirely clear, and it seems possible that both conformations may b e present. Consideration of stereomeric factors seems to indicate that some of the compounds in this group should exist in the C'l form. Both the {3-gulo-and the {3-talostructures have three equatori9.1 reference groups 
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d The spectrogram , previously published [19] , was made by thc potassium chloride pellet techniqne. H ence val ues for aM comparable to those reported hcrc cannot be assigned. In accordance with the C'2 conform ation indicated, the absorption in the region of 8.63" was less than that in the region of 8.87 p. . when in the C'I conformation, and two when in the C'2 conformation. The reverse distribution is present in the alpha forms (see table 1 ) . In view of the tendency of large groups to take equatorial, rather than axial positions, the C'I conformation would seem to be the more probable for the {3-gulo-and {3-talo-structures, and the C'2 conformation for the corresponding alpha modifications. One of the two modifications of the talose configuration is not available for comparison, but the distinction suggested is not apparent from the absorption bands for the alpha and beta modifications of hexa-Oacetyl-D-glyeero-D-gulo-heptose (figs. 16, 17 ) . Table 4 gives a summary of absorption bands for the acetylated methyl glycosides in the regions of 8.33 and 8.80 J.L. These regions seem particularly promising for study of the conformation of the ring in the acteylated methyl pYl'anosides. All of the acetylatcd methyl pyranosides in the glueo-, manno-, and galaeto-configuration that have been assigned the a-pyranose C'I conformation show absorption bands at 8.30 to 8. fig . 21) , the spectrogram of which shows a sligh t inflection. N one of the correspond ing compOID1ds having the e-pyranose C'l conformation gives a band in this region. Table 4 shows that the a-pyranose acetylglycosides absorb more strongly than the e-pyranose acetylglycosides in the region of fig. 31 ), the conformation of which is unknown, sho' '1s no distinctive band near 8.33 J.L, but a fairly strong one at 8.83 J.L. Classification of the compound is therefore uncertain, but it seems possible that it has both the C'I and C'2 ring conformations.
The absorption in the region of 8.80 J.L appears to depend not only on the axial and equatorial positions 
• S, m, and w indicate strong, m oderately strong, and weak ban ds, respectively; (trl indicates t he weakest obse rvable absorption. b A weak band at 8.73 I' ap pear to be outside the region to be co nsidered.
at the glycosidic carbon but also on those positions at other carbons of the ring. Table 4 shows that those glycosides having the a-pyranose structure with no axial acetyl group havc an average molar absorballcy index of 162, and those with one axial acetyl group have an average index of 407 . I t thus appears that absorbancy at 8.80 p. is enhanced by the presence of axial acetate groups .
The examples given clearly show the usefulness of infrared spectra for the study of the structure of carbohydrate derivatives. Most of the bands characteristic of the cyclic carbohydrate structure occur in the r egion of 8.4 to 15 p. . . The spectra are complex and difficult to interpret because there are many variables, and in some cases the bands are weak and poorly r esolved. Part of the difficulty arises from lack of solubility of the compounds, and opacity of the solvents, especially in the range of ] 0 to 15 p.. More satisfactory spectra were obtained in this range with solid substances in potassi um chloride pellets. However, comparison of spectra for config urationally related substances in the solid .s tate will b e deferred to a later paper, and the remamder of the discussion restricted to a less comprehensive treatm ent of the absorption found in the range 2.5 to 8.3 p.. The infrared absorption in the region of 2.5 to 3.2 p. arises from O-H stretching vibrations. The absorption corresponding to vibration of free hydroxyl groups lies in the region of ab0t:t 2.75 p.. T~e absorption band for the fr ee hyd~'o?,ylls sharp, and .Is given by most hydroxyl-contammg ~ubstances III dilute solution in nonpolar solvents, or III the form of vapor. It is also given by substances in which steric hindrance prevents association [20] . The hy droxyl group normally associates with groups of atoms having polar attraction. The r esulting ~ydro gen bridges vary from weak to strong accordmg to the character of the bridged atoms and the stereomeric conditions. Two types of bridges are generally r ecog nized: Intermolecular bridges linking two or more molecules, and intramolecular bridges. Intermolecular (polymerie) bridges give ri se to broad absorption bands b etween 2.9 and 3.1 p. . Intramolecular bridges are similar to the intermolecular bridges but differ in that they are not broken by dilution with a nonpolar solvent. Bands due to intramolecular bridges vary considerably, but are generally broad.
Miscellaneous Absorption Bands
Spectrograms 34, 35, 36, 37, 40 , and 41 are of compounds co ntaining hydroxyl groups. The shape and inten sity of the O-H absorption bands in the range 2.7 to 3.2 p. provide information as to the state of the hy droxyl groups in the molecules. At this time, a detailed analysis of the spectra for most su bstances in this r egion is not feasible but a brief structural analysis will be presented for penta-O-acetyl -aldehyclo-D-galactose aldehydl'ol ( fig. 40 ) and penta-O-acetyl-alclehydo-D-galactose hemiace tal ( fig. 41 ). The absorption bands under consideraLion show two maxima, caused by the presence of fr ee and of hydrogen-bridged hydroxyls. With the aldehydrol, the maximum absorption for the free hydroxyl (2.78 p.) is greater than that for the bridged hydroxyl (2.87 p.), but with the hemiacetal, the reverse is true. Thus, a larger proportion of the hydroxyl groups seems to be free in the aldehydrol than in the hemiacetal. A plausible explanation is that some of the hydroxyl groups in both compounds are bridged to the oxygen of the neighboring acetyl groups. The structure for the aldehydrol and hemiacetyl with a bridged hydroxyl would be as follows:
P en ta-O-acety J -aldeh ydo-D-galactose eth y I he In i acetal (4 1) Comparisons of the maxima at 2.78 and 2.87 11 for curves 1, 2, and 3 of figure 41 show that th er e is little v ariation in the proportions of the free and bridged hydroxyls with dilution, in agreement with the proposed intramolecular linkage. The product from th e aldehydrol would have one bridged and one free hydroxyl ; that from the b emiacetal would have only t b e bridged hydroxyl. Thus, with an equal amount of bydrogen bridging, th e aldehydrol would be expected to show a higher proportion of free hydroxyl groups, in agreement with the bands found in tbe spectra of the two compounds. In this connection, it is recognized tbat the intensities of bands arising from the same functional group in different environments are not nccessarily invariant, but th e differences found appeal' to b e too large to b e ascribed to minor variations in absorbancies.
A comparison of the total absorption for the hydroxyl groups can be used to confirm the existence of two hy droxyls in the aldehydrol and one in the hemiacetal. When measured by the m ethod describ ed on page 45, the integrated molar absorbancy indices for the aldehydrol and the hemiacetal in the region between 3,300 and 3,800 cm-I (3 .03 and 2.63 11) had a ratio of 1.88. It is known that hydrogenbridged hydroxyls absorb more strongly th an free hydroxyls [20, 21] . Hence absorbancy for the bridged and free bydroxyls should not be weighted equally, and the ratio of integrated absorbancy indices must be somewhat larger than 1.88, in substantial agreement with the existence of twice as many hy droxyls in the aldehydrol as in the hemiacetal. The sugar acetates in carbon tetrachloride 9 were found to give absorption in the region of 3.3 to 3.5 f.L. The absorption seems to be composed of at least five overlapping bands. The intensity of the bands, or of the components of a broad band, varies for different materials, and gives rise to cbaracteristic hapes for th e spectrograms in this region . Presumably the absorption arises from C-H bands of diverse type, such as those of the acetyl CH3 groups, the terminal CH20R groups, and the pyranose ring. It would be desirable, if possible, to ob tain independent evidence for the orientation of the ring 48 hydrogens, and detailed study of absorption in this region with a high-dispersion prism or grating might possibly shed light on this importan t question. The few weak bands observed in this r egion, like the bands often encountered at wavelengths shorter than those of the O-H region, are overtones and combination bands. It might b e of interest to observe this region at higher concentrations, and attempt to assign t he bands in terms of fundamental freq u en cies. All of the compounds, as expected, show strong absorption b ands in the r egions characteristic of the carbonyl group . To explore the effect of solven t and structure on the position and intensity of t he C= O stretching band at 5.6 to 5.8 11 the maximum absorbancy index, aM, was determined for each spectrum. The results, summarized in table 5, show that the group absorbancy indices, aM/n, of the substan ces arc considerably lower in chloroform than in carbon tetrachloride solution . The difference may b e caused by bridging between the hy drogen of the chloroform, and the oxygen of the acetyl carbonyl groups, resulting in a broadening of the carbonyl absorption band, and hence a lowering of the absorption maximum . Furthermore, the absorption peak for the carbonyl band seems to be at a slightly longer wavelength in chloroform than in carbon tetrachloride solution . However, it is unnecessary to postulate hydrogen bridging in order to explain the reduced absorption in chloroform solution. Electrostatic dispersion forces in condensed phases are apparently sufficient to produce t his effect [22] . 
.2. The
_ I
The compounds of the present study vary with respect to the number and character of the O-acetyl groups. Table 5 shows that there are small but significant differences for the average group absorbancy indices obtained for the fully acetylated sugars, acetylated methyl glycosides, acetylated sugars with free glycosidic hydroxyls, and acetylated open-chain derivatives. These differences could arise from intramolecular forces between the groups attached to the glycosidic carbon, a,nd the neighboring acetyl groups. However, because the carbonyl absorptions of the various acetate groups do not necessarily coincide, it is to be expected that the band will be broader and the maximum group absorbanc,IT index somewhat lower for those compounds with the greatest number of acetate groups.
The acetyl derivatives of the aldehyde and ketone forms of the sugars have generally been considered to be true aldehydes and ketones. However, penta-Oacetyl-aldehydo-D-galaetose forms a hydrate and an alcoholate for which ' Volfrom has proposed an aldchydrol and a hemiacetal structure respectively [23] . The r esults of the present study, already discussed, are in agreement with these struetures. JO If the carbonyl groups of the anhydrous aldehydo sugar acetates are free, these compounds should show a strong aldehydo carbonyl band in a range of somewh at longer wavelength than that occupied by the acetate carbonyl band. However, no strong absorption in this range was found for anhydrous tetra-O-acet,vlaldehydo-L-arabinose ( fig. 38 ), penta-O-acetyl-aldehydo-n-galactose ( fig. 39 ) , and penta-O-acetyl-keto-Lsorbose ( fig. 42 ). Faint absorption bands at 5.95 and 6.05 11-were found in the spectrum of penta-O-acetylketo-L-sorbose, but these arc too weak to support a free carbonyl structure, and the latter band is at too long a wavelength. A polymeric structure analogous to that of paraldehyde seemed possible, but a molecular-weight determination for pen ta-O-acetyl-aldehydo-n-galactose showed that this substance is truly a monomerY The data, then, appear to indicate that several monomeric aldehydo sugar acetates fail to show absorption in a range considered to be characteristic of the aldehydo carbonyl group. There remains the possibility that an aldehydo carbonyl might absorb at so nearly the same place as the acetate carbonyl that absorption due to the former would be obscured. Absorption in the range of 6.0 to 6.7 iJ. was found to be too weak for accurate determination, with the concentrations used in most of the measurements. Some of the spectra show almost complete absence of absorption; others show weak bands, principally be- 10 Absorption spectra studies by Rowen, Forziati, and Reeves [24] show that t ho aldehyde groups in periodate-oxidized cellulose are also hydrated, and the material contains few, if any, free aldehy de groups.
Ii The semiearbazoncs of aldehy rlo-D-galactose pentaaeetate and of alrlehy do-Larabinose tetraaeetate are rnported to bave normal molecular weight [23, 25] . However, t he structure of these products does not establisb t he structure of t be parent ace tates. In this ill ves tigation, aldehydo-D-galactose pentaacetate was found to be a monomCr by means of a cryoscopic determination of molecular weight in benzene. All of the spectrograms show absorption bands at approximately 7.0 and 7.3 11-, presumably caused by deformation of the CH3 groups. rrhe 7.0-11-band is broad and rather weak, whereas the 7.3-11-band i sharp and strong. In most cases the 7.3-11-band is symmetrical, but in the methyl orthoacetates and a few other compounds it appears as a doublet, or with irregularities at 7.2 and 7. The acetylated methyl glycosides show a weak band at 6.9 11-that overlaps the band due to the CH3 symmetrical deformation vibration. This absorption seems to be in accord with the wavelength previously ascribed to the vibration of the CH3 group of methanol (6.87 11-) and dimethyl eth er (6.83 iJ.) [1, p. 24] , although it may be analogous to the 6.89- 11- All of the spectra included in the present study show a strong absorption band at 8.2 11-and a weak to moderately strong band at 8.0 11-. Presumably these bands arise from the stretching vibrations of the C-O bonds in the acetyl groups, and are analogous to bands shown in the same regions by other acetates. In most cases the 8.2-11-band is broad, with several shoulders or inflections indicative of three or more components. The complex character of the bands may arise from axial or equatorial effects such as those described for the cis and trans 3-acetosteroids [17, 18] . It seems significant that the 8.0 -11-band is particularly sharp for the acetates of the pentoses and of rhamnose, compounds that lack an acetyl-substituted primary alcoholic group. In the absence of this group, and if its absorption fall s between 8.0 and 8.2 11-, the absorption at 8.0 J.1. would appear sharper. Because furanose derivatives of the pentoses, unlike the PYTanose derivatives, have a primary alcoholic group, the presence or absence of a sharp band at 8.0 11-may serve to distinguish the two types of rings in the acetates of the pentoses. In accord with this possible distinction is the fact that penta-O-acetyl-a-L-sorbopyranose ( fig. 13) . 
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tween 6.0 and 6.25 11-. It is interesting that penta-Oacetyl-aldehydo-n-galactose aldehydrol (fig. 40) shows a weak but definite absorption at 6.25 11, having a pyranose ring similar to that of L-xylose but an acetylated primary alcoholic group at carbon 1, fails, like the acetates of the aldohexopyranoses, to give a sharp band at 8.0 p,.
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